Purpose: In this study, the Periotest instrument was used to measure the precision of fit between cast high noble-metal frameworks and the supporting implants in a patient-simulation model. Three framework conditions and three implant-location variables were used to evaluate the rigidity of the assembly as measured by the Periotest method. The framework variables were (1) one-piece castings (OPC); 12) sectioned-soldered inaccurate castings (SSIC); and (3) sectioned-soldered accurate castings [SSAC). The implant-location variables were right anterior (RA), center (C), and left anterior (LA).
N ACCEPTABLE FRAMEWORK for a fixed
A implant prosthesis is one that shows a precision of fit between the implant components and the framework casting.l-" However, the lost-wax casting technique may not routinely produce the desired fit, especially in a long-span framework, because precision of fit may be affected by the dimensions of the casting."-'0, '7-21 In contrast, some clinicians cast the framework in two or three segments and solder or braze the sections together to obtain a framework with the desired In these situations, the clinician generally relies on visual acuity to assess the fit at the abutment-to-framework or implant interface(s). Radiographs have also provided another 207 method of evaluating the precision of fit at this interface (Adrian EA, personal communication, July 1992).22-24 At best, both of these methods of assessing precision are subjective. Clinicians would prefer an "objective" method that provides quantitative data about the fit or misfit. One such method suggested by S~h u l t e~~~*~ uses the Periotest instrument. The application of the Periotest instrument in implant dentistry has been d~cumented.'j-~~ The ranges of Periotest values (FTVs) have been established for the determination of osseointegration of i~n p l a n t s ?~.~"~~ May et a1 investigated the ability of the instrument to discriminate between accurately assembled implant components in vitro (May et al, unpublished data, September 1992) . The investigation showed that the Periotest instrument could discriminate between accurately assembled abutments and gold cylinder using the BrAnemark System (Brhemark, Nobelpharma AB, Goteborg, Sweden). In follow-up investigations, May et a1 used the Periotest instrument to quantify a series of misfits created in abutments and gold cylinders assembled on implants in an in vitro bone Significant differences were found within and between component groups. The Periotest instrument was evaluated for its ability to discriminate differences in framework assemblies as influenced by retaining screws tightening sequences for groups of accurate and inaccurate framework assemblies. The investigation found that there were no significant differences in fit of the framework assemblies with each framework condition. No differences Mere found regardless of the tightening sequence used within each framework condition, but there were significant differences between the accurate and inaccurate framework groups.34 These findings provide additional support of the validity, specificity, and repeatability of the instrument.
Hence, the Periotest instrument may also provide an accurate method to assess the fit of an implantsupported framework. One would expect the PTVs to be more negative (-) under conditions of a rigid assembly that results when a precision of fit exists between the abutment and the framework. However, in the presence of a less rigid assembly that exists when a precision of fit is lacking, the Periotest instrument would record more positive (+) values. This study was initiated to test this theory and to determine if the Yeriotest instrument was sensitive enough to measure differences between frameworks that show a precision fit and various misfit conditions. Specifically, the study would quantify the fit between the implant abutments for a patient simulation consisting of three implants, and (1) the onepiece casting (OPC), (2) a sectioned-soldered inaccurate casting (SSIC), and (3) a sectioned-soldered accurate casting (SSAC). The null hypotheses are (1) no statistically significant differences exist between the three framework conditions at the abutment-toframework interfaces as measured by the Periotest method, and (2) no statistically significant differences exist between the three implant locations for a framework condition as measured by the Periotest method.
Materials and Methods
The patient simulation model consisted of three selftapping implants (Brlnemark) (SDCA 062; 3.75 X 10.0 mm) positioned cqual distances (7-10 mm) apart in bovine bone in a reasonable curvature (right anterior [RA] , center [C] , and left anterior [LA] ) for an implant-supported prosthesis. Abutments 5.5 mm in length were assembled on the implants with the center screws torqued to 20 K-cm using the BrSinemark hand-torque controller. Radiographs of the implant-to-abutment interfaces were made to ensure proper assembly. The absence of any radiographic gap at the interface was interpreted as a precision of fit. The
PTVs were recorded at the midfacial surface of the three abutments following assembly.
Tapered impression copings (DCA 106) were attached to the implant abutments on the patient simulation model, and impressions were made using a custom impression tray (Fast-tray; Bosworth Co, Skokie, IL) and polyvinyl siloxane (Extrude; Kerr, Romulus, MI) to produce a master cast. After making the impression, brass replicas (DCA 015) were joined to the impression copings, the copings were repositioned in the final impression, and the impression was poured in gypsum stone (Jade Stone; Whip-Mix Corp, rmisville, KY). Three separate impressions were made using this technique to produce three master casts. The master casts were allowed to stand for a minimum of 36 hours before initiation of the procedures to construct the cast frameworks.
The OPC frameworks (Fig 1) were made using the acrylic wing components (UCA 100) fitted to the center brass replicas on each of the three master casts. The wings on either side of the center abutment were cut to the proper length and waxed to individual Brlnemark gold cylinders (DCA 072) positioned on the right and left brass replicas. The OPC patterns were removed from the master casts and invested in a phosphate-bonded investment (Whip-Mix Corpj. The burnout procedure was conducted according to the manufacturer's instructions. The frameworks were cast in a type 3 high noble alloy (Option, Ney Co, Bloomfield, CT). The cast frameworks were recovered from the investment, cleansed of debris using an alumina
air abrasive, and pickled in an acid solution (Prevox; Whip-& Corp). The three OPC frameworks were positioned on the patient simulation model using long guide pins by tightening the center, right, and left gnidc pins in that order. The guide pins were torqued to 10 N-cm. Periotest measurements were made at the midfacial surface of the framework directly above the abutment-to-gold cylinder interface (Fig 2) . Three assembly and measurement replications were made for each of the OPC frameworks for a total of nine measurements per framework.
The OPC frameworks were removed from the patient simulation model and sectioned into three segments by cutting midway between the gold cylinders, in preparation for reassembly and soldering in an inaccurate relation The SSIC frameivorks (Fig 3 ) were recovered, cleaned, and placed on thc patient simulation model using the guide pins torqued to 10 N-cm, following the same tightening sequence outlined previously. Periotest measurements were conducted at e x h implant site for each of the frameworks. Threc measurement replications were made for each of the three frameworks for a total of nine measurements per framework. The SSIC frameworks were removed from the patient simulation model and re-sectioned through the present solder joints between the gold cylinders, in preparation for reassembly and soldering in an accurate condition (SSAC). All thrce segments were accurately positioned on the patient simulation model, and the guide pins were torqued to 10 Ncm. The segments were luted together, removed from the patient simulation model, and soldered in the accurately assembled condition.
The SSAC frameworks (Fig 4) were recovered, cleansed, and positioned on the patient simulation model for Periolest measurements. Three measurement replications were repeated for the three accurate frameworks, for a total of nine measurements per framework.
The analysis of the collected PIV measurements consistedof (I) descriptive statistics, (2) a two-way ANOVA3'z3j for the changes in M V s between the three framework conditions at the three implant locations, and between the three implant locations within a framework condition, and (3) Fisher's Protected Least Significant Difference3' (LSD) painvise comparisons.
Results
A two-way ANOVA was conducted on the PTVs recorded to determine if significant differences existcd bctwccn the framework conditions and the implant locations when (1) all three implant locations were considered (RA, C, and LA), and (2) the C location w a s removed from the data set and only RA and IA locations were considered ( Table 1 ). The data showed that there were no significant differences between the three frameworks evaluated ( p = .1835 a n d p = .2565) and the three measurements of each framework ( p = .6906 andp = .7767). Therefore, the database was judged as reliable. The data also showedp values ( p < .05) for the framework conditions when both the two and three implant locations were considered. However, no significant differences were found when the C location data were removed from the analysis; nor were significant differences found when any of the other combinations of variables were compared. The means and SDs of the PTV data recorded for the three framework conditions at the three implant locations (RA, C, and LA) are reported in Table 2 .
The OPC and SSIC frameworks' mean PTVs were significantly different from the mean PTVs recorded for the SSAC framework at the RA implant location (p < .05). Similar differences were found at the C location and the LA location for the OPC and SSIC frameworks.
The means and SD of the PTV data recorded at the three implant locations (RA, C, and LA) are reported for the three framework conditions tested 
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in Table 3 . In the OPC, there was a significant difference in the PTVs at the RA and LA locations in comparison with the C location. This observation was also found in the SSIC and SSAC frameworks
The mean PTVs for the three locations wcre compared within each framework conditions (Table  4) . No significant differences were found when KA was compared with LA in the OPC, SSIC, or SSAC frameworks. However) significant differences were found when RA and LA locations were compared with the C location in all three framework conditions
The mean PTVs for the three framework conditions were compared with each other at the three implant locations (Table 5 ). Significant differences were found when the SSAC frameworks were compared with the OPC and SSIC frameworks at all three implant locations ( p < .05). No significant differences were found when thc OPC and SSIC data were compared.
( p < .05).
Discussion
A critical step in implant-supported prostheses used in rehabilitations is the verification of the precision of fit of the framework. Traditionally, frameworks used in implant-supported rehabilitations are fabricated as either one-piece casting^'^-'^-^' or sectionedsoldered casting~.~-'J-~~ The method used to correct the fit, should a misfit occur, is to section the casting, lute the sectioned segments together with an autopolymerizing resin intraorally, and solder the framework sections. The framework is then returned to the master cast and the offending abutment replica(s) is corrected. The acceptability of a framework is judged clinically by visual and tactile evaluations for the presence or absence of a gap between the framework and the implant. The evaluation may also include a radiographc survey to aid in determining the presence of a gap (Adrian EA, personal communication, 1992)."-24 However, at best, these methods possess subjective clinical and technical qualities. Schulte26 has suggested that the Periotest instrument can be used to detect differences in the adaptation of the retainers for a fixed partial denture to the prepared abutment teeth, and thus provide a quantitative value for the fit. Similarly, this instrument was evaluated in the present in vitro investigation as a method to assess the precision of fit between the framework and the supporting implants. This study addressed the questions dealing with the influence of the framework conditions, ie, the one-piece condition, the solder-inaccurate condition) and the soldered-accurate condition, on the quantitative FTVs recorded at the various implant locations supporting these frameworks.
In Table 2 , the OPC and SSIC framework assemblies demonstrated significant differcnces in the PTVs at all locations, while the SSAC framework assembly did not. The mean PTVs for both the OPC and the SSIC assemblies were less negative than those for the SSAC. The less negative M l i s were interpreted as meaning that a better fit existed between the mating supporting interfaces of the frameworks and the implants with the SSAC framework than the other two framework conditions. Both the OPC and SSIC frameworks lacked the accuracy in fit that was observed with the SSAC framework as measured by the Periotest instrument, thus rejecting 
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the first null hypothesis of the expcriment that "no statistically significant diffcrences exist between the three framework conditions at the abutment-toframework interfaces as measured by the Periotest Method." However, the literature indicated equivalence and differences in the framework fit depending on whether the OPC or the SSAC method of framework fabrication is ~t i l i z e d .~'~J~-*~ The SSAC framework is the most accurate of the three framework designs used in this study and supports the sectioned method of framework fabrication. The Periotest instrument has been shown to reproducibly discriminate various degrees or firmness or mobility at the implant-bone i n t e r f a~e .~~" ' Also, differences within and between accurately (May ct al, unpublished data, September 1992) and i n a~c u r a t e l~' ;~~ assembled implant components were shown through in vitro investigations using the Periotest instrument.
The mean PTV for the C position was more negative for the SSAC framework condition than the other two framework conditions tested. However, the mean PTVs did not reach the -8.0 value that was observed in the RA and LA locations for the SSAC frameworks. This effect was probably the result of minor inaccuracies in the soldering procedure. Thus, the technical skill of the laboratory personnel may be an issue, as obsenrd in conventional pros t hodon tic rehabilitations.
In Table 3 , the PTVs for location C demonstrated significant differences with respect to the PTVs for the other implant locations (RA and LA) for all three framework conditions ( p < .05). In comparing the OPC and the SSIC frameworks' mean PTVs, the OPC framework's data demonstrated mean PTV data analogous with better stability or a more rigid assembly. The greatest magnitude of change in mean PTV data occurred at the C implant location, where the SSIC mean PTV was more positive by a value of 1 .O €'"when compared with the OPC. The SSAC framework's mean PTV data were the most negative for all implant locations when compared with the other two framework conditions (-8.0, -6.4, and -8.0). It would appear that the SSAC framework condition demonstrated the most accurate fit of the framework conditions tested.
Overall, the C implant location continued to demonstrate a slightly more positive mean PTV in comparison with the two other implant locations.
The AUOVA (Table 3 ) demonstrates that significant differences exist in the implant locations ( p < -05).
Even the accurate fabrication technique resulted in some inaccuracy, because the C implant location was inherently more positive in mean PTV. The obscrvance of significant differences at the various implant locations under the different framework conditions leads to the rejection of the second null hypothesis that "no statistically significant differences exist between the three implant locations for a framework condition as measured by the Periotest Method." The Periotest instrument is able to quantitatively detect differences in precision of fit. Misfits between a framework and the supporting implants have many etiologies. Factors such as type of alloy, framework fabrication technique, implant (abutment) lengths, implant angulations, and the distance between the implants are among the most common. Assembly inconsistencies in the torquing sequences during framework attachment to the implants is another factor to be considered. However, of the previously listed factors, the framework fabrication process is probably the most common cause and has the greatest potential for causing errors or misfits of a larger magnitude. From this study, the OPC frameworks appeared to havc a better precision of fit than the SSIC frameworks, yet far worse than the SSAC frameworks (Tablcs 2,3).
The SSIC frameworks were fabricated with a quantitative misfit of 101.6 Fm on the buccal of the C implant location at the abutment-to-framework interface. A misfit in each framework translated into a more positive shift in the mean PTV data when compared with the OPC and the SSAC frameworks. These findings support the use of the Periotest instrument in the clinical setting as a dcvicc to detect misfits of approximatelyo. 1 mm. Whether the instrument is able to detect misfits smaller than the 0.1-mm gap and demonstrate greater sensitivity needs further study. An cqually important finding in this project was the discovery that the OPC framework assemblies had more negative PTVs than the SSIC framework assemblies, but not as negative as the SSAC framework assemblies. Thus, this means that the fabrication of frameworks in sections and soldering produces a better precision of fit than casting the framework as one piece, as reported in the literature. However, the SSAC frameworks were not without flaw. The data from the three framework fabrication conditions, including a quantified misfit, supported previous in~estigations,'~-*~ which indicate the scnsitivity of framework fabrication. Hence, the fabriation procedure must be conducted with a high level of skill to ensure a precision offit. Periotest values of -8.0 should indicate to the clinician that excellent rigidity or unification exists
